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PREFACE

PURPOSE

This guide provides a step-by-step approach to the planning, implementing, and monitoring of an
Environmental Stress Screening (ESS) Program for Army Materiel Command (AMC) Troop
Support Command (TROSCOM) hardware contracts and repair activities. This guide will not
replace logical thinking on the part of the user, but will present the various elements of an ESS
Program and advise the user in their selecton and use.

AUDIENCE

This guide is intended for use by product assurance engineers, project engineers, project managers,
item managers, and administrative personnel who are responsible for planning, implementing, or
monitoring an ESS Program.

WHAT IS ESS?

In any manufacturing or assembly process involving people and machinery, a small percentage of
defects usually occurs. There are many techniques used by industry to reduce the number of defects
remaining in hardware when it leaves the factory. These techniques include process control,
training, inspection, and testing. A number of these defects will escape detection in the factory in
spite of these standard defect prevention techniques. These undetected defects will be manifest as
early life failures during the hardware's field use. These early life, or infant, failures will reduce
field reliability, even though the number of undetected defects is small. For this reason, it is
important to detect and eliminate as many defects as possible before the hardware leaves the factory.

" The increasing complexity of mechanical equipment and miniaturization of electronic equipment
has made traditional methods of defect detection less efficient. One of the most effective techniques
used to identify and eliminate these defects is ivironmental stress screening (ESSI. ESS is the
process of applying environmental stresses, in conjunction with functional testing, in order to
stimulate the failure mechanisms of defects to the point of detection. Most of these defects are
caused by flawed parts and poor assembly workmanship. The stress levels of applied stimuli must
be as harsh as possible to precipitate the defects without causing damage to or reducing the useful
life of properly manufactured hardware. ThiLpplication of environmental stresses will accelerate
the latent (or undetected) defects to become patent (detected), with functional testing required to
detect failures. Functional testing can be performed either during or after the application of stress. P
The advantage of functional testing during stress application is that it allows the detection of
intermittent failures.
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ESS had its beginning in the space programs of the 1960s,where high reliability requirements and
the absence of supportability dictated that equipment be 100% defect-free. Since that time, ESS has
gained increasing recognition throughout the defense industry as a cost effective quality control
method. Today, each military department has made ESS an integral part of major systems
acquisitions. The exceptional benefits derived from ESS applications will ensure its
institutionalization in the defense system's acquisition process.

ORGANIZATION

This guide is intended to be used by both experienced and inexperienced engineers to develop
statements of work (SOWs) to implement ESS. Several sections describe ESS, when it should be
applied, and how to develop stress intensity levels. These sections contain basic explanatory
information and lay the foundation for decisions that must be made when specifying ESS. Users of
this guide who have not been exposed to ESS should begin by reading the tutorial Sections I
through IV, and becoming familiar with the definitions and acronyms on the following pages.

Section V contains a description of the different contract deliverables normally required in an ESS
Program. Along with a discussion of the requirement, a sample SOW clause invoking it and a
checklist for reviewing the deliverable are included.

Section IX contains the description of the ESS cost model. All screening decisions should be made
with an eye to the cost-benefits. The cost model is used to estimate the cost of the screening
program and the break-even point where the screening becomes cost-effective. All users of this
guide should use the cost model to justify the cost of implementing a screening system.

DEFINITIONS

Assembly A combination of parts joined together to perform a specific function
and be capable of disassembly.

Design capability The level of stress (thermal or mechanical) which an item is able to
achieve or endure without damage or significant reduction of its
overall usable life.

Failure mode The fundamental physical or chemical process responsible for a
failure; the causative agents of a failure, including circumstances
during design, manufacture or use that may lead to a failure.

Hermeticity The ability of a sealed item to remain impervious to outside
contaminants.
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Indenture level Level of assembly; the highest indenture level is a system, the lowest
is apart.

Infant mortality Failures occurring on units in the field.

Isolation The reduction in severity of response force or motion to input
stimulus.

Latent defect An inherent or induced weakness, not detectable by ordinary means,
which will either be precipitated to early failure under ESS conditions
or eventually fail in the intended-use environment.

Module A self-contained collection of chassis-mounted components and/or
printed wiring assemblies (PWAs) within one package which
performs a specific function or group of functions, and which is
removable as a single package from an operating system.

Part Any identifiable item within the product which can be removed or
repaired (e.g., discrete semiconductor, resistor, integrated circuit,
solder joint, connector); used interchangeably with piece part,
component part, and device.

Patent defect An inherent or induced weakness which can be detected by inspection,
functional test, or other defined means without the need for stress
screens.

Precipitation The process of transforming a latent (undetected) defect into a patent
(of defects) (detected) defect through the application of stress screens.

Printed wiring An assembly containing a group of interconnected components
assembly (PWA) mounted on a single printed circuit board; equivalent terminology is

circuit card assembly and printed circuit assembly.

Screening Generally, a measure of the capability of a screen to precipitate latent
effectiveness defects to failures; sometimes used specifically to mean screening

strength.

Screening strength The probability that a specific screen will precipitate a latent defect to
failure, given that a latent defect susceptible to the screen is present.

Stress screening The process of applying mechanical, electrical, and/or thermal stresses
to an equipment item for the purpose of precipitating latent part and
workmanship defects to early failure.
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System A group of units interconnected or assembled to perform an overall
function.

Transmissibility The ratio of output response to input motion.

Unit A group of modules interconnected or assembled to perform a specific
function with a system.

ACRONYMS

AMCCOM US Army Armaments, Munitions, and Chemical Command
AMC-R US Army Materiel Command Regulation
AQL Acceptable Quality Level
ATP Acceptance Test Procedure

CCA Circuit Card Assembly
CDRL Contract Data Requirements List
CDU Control and Display Unit
cf Cubic Foot

dB Decibel
DID Data Item Description
DOD Department of Defense
DPA Die Shear Physical Analysis
DT/OT Development Test/Operational Test

EC Equipment Cost
ECP Engineering Change Proposal
ED Equipment Design
EIR Equipment Improvement Recommendation
EMW Equipment Manufacturing Workmanship
ESS Environmental Stress Screening
ETU Engineering Test Unit

FCAC Family of Compact Air Conditioners
FFT Fast Fourier Transform
FRACA Failure Reporting, Analysis, and Corrective Action
FSED Full Scale Engineering Development
FTU Field Test Unit
FY Fiscal Year
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HMMWV High Mobility Multiwheeled Vehicle

IC Integrated Circuit
IEEE Institute of Electronic and Electrical Engineers
IES Institute of Environmental Sciences
IMU Inertial Measurement Unit
I/O Input/Output
IPT Initial Production Test

JSIIDS Joint Service Interior Intrusion Detection System

LRU Line Replaceable Unit
LSI Large Scale Integration

MIL-STD Military Standard
MRSA USAMC Materiel Readiness Support Activity
MTBF Mean Time Between Failure
MTBR Mean Time Between Replacement
MTBUME Mean Time Between Unscheduled Maintenance Events

NAVMAT Naval Material Command
NDI Nondevelopment Item
NPN Negative-Positive-Negative
NSN National Stock Number

OTS Off the Shelf

PA Percent Approximate
PADS Position and Azimuth Determining System

PCB Printed Circuit Board
PD Part Design
PIND Particle Impact Noise Detection
PMW Part Manufacturing Workmanship
PNP Positive-Negative-Positive
ppm Parts Per Million
PS Power Supply
PSD Power Spectral Density
PWA Printed Wiring Assembly

QC Quality Control
QDR Quality Deficiency Report
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RADC Rome Air Development Center
R&M Reliability and Maintainability
RAM Reliability, Availability, and Maintainability
RGA Residual Gas Analysis

RFP Request for Proposal
RMS Root Mean Square
rpm Revolutions Per Minute

SDC Sample Data Collection
SE Software Errors

SMM Status Monitor Module
SOW Statement of Work
SS Screening Strength

TAMMS The Army Maintenance Management System
TDP Technical Data Package
TECOM US Army Test and Evaluation Command
TROSCOM US Army Troop Support Command

UME Unscheduled Maintenance Event

VLSI Very Large Scale Integration
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SECTION I. GENERAL LEVELS OF ASSEMBLY

Different stress types are associated with different levels of assembly. The same stress that produces
good results during part level screening may not produce the same outcome at a higher level of
assembly. For example, a high temperature bake is a good part level screen but is not an effective
screen for a printed wiring assembly. This is because the defect types and the equipment response
can be different at different levels of assembly. As the level of assembly increases, the equipment
structural and thermal characteristics change. Equipment response is the mechanism that accelerates
defects to failure. As equipment response changes, the screening efficiency changes. Stress types
must be modified as the level of assembly changes.

The proper application of ESS largely depends on the degree to which it is understood. While the
underlying mechanisms remain unchanged, the application of ESS to different levels of assembly
requires different test equipment, stress levels, and cost considerations. This section identifies the
factors involved in deciding to perform ESS at different levels of assembly.

Screening at the lowest level of assembly is the least costly option in terms of rework costs. The
labor and material resources required to troubleshoot, repair, and retest a failed item increase by at
least one order of magnitude at each higher level of assembly. Finding a defective component at the
part level screen will prevent its introduction into a higher level assembly where the task of isolating
the defect is more complex. Another factor, schedule slippage, increases as defects are discovered
later in the manufacturing process. Early detection of defects minimizes rework time by virtue of
less complex rework and retest procedures. It also permits earlier reprocurement of defective parts,
in order to maintain original production schedules. Failures occurring at higher levels of assembly
require more time to troubleshoot, rework, and retest, resulting in more immediate impact on the
production schedule. Early detection of defects has less impact because it requires less time to
repair defects and the repair time can be absorbed over a longer period remaining in the production
schedule.

Figure 1 shows the increased costs of repair associated with higher levels of assembly. Repair or
replacement cost at the part level range from $1 to $5. At the assembly level, repair costs typically
range from $30 to $50, while in the field, total support costs of $5,000 to $15,000 per failure are
typical.
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Figure 1. Repair Cost Per Failure Location (Ref: RADC TR-82-87)

Another important benefit of early defect detection is that more immediate feedback can be given to
the activity responsible for the defect. Corrective action will be more effective if less time has
expired between creation and detection of the defect. Circumstances surrounding the event can be
more readily remembered or recreated. Operators' methods are still fresh in their minds. Evidence
contributing to the investigation of the root cause of failure is more likely to be present if the defect
is detected soon after is was caused. These facilitates analysis and implementation of corrective
action to preclude recurrence of the problem. Screening at the lowest level of assembly creates
additional effort in the early stages of development and production, but fosters cost savings and
project success by reducing later failures.

This section provides a general discussion of three different levels of assembly for stress screening;
part (or component), assembly, and unit. A more detailed discussion of the types of stress for each
level of assembly can be found in Sections II through V.

PART LEVEL SCREENING

At this level, screens are conducted on individual piece parts such as an integrated circuit (IC),
resistor, diode, transistor, transformer or other nonrepairable electronic component. Part level
screens are usually performed, as a minimum, by the part vendor or an outside screening facility.
Reducing defects at the part level is the most cost-effective approach and is of such great importance
that the US Air Force Reliability and Maintainability (R&M) 2000 ESS policy requires that the
manufacturing process begin with piece parts having a remaining part fraction defective below
1,000 parts per million (ppm) by Fiscal Year (FY) 1987 and below 100 ppm by FY90. Data from
one military hardware contractor indicated a defect rate of 6,000 ppm on incoming parts. 1 This
presents a significant challenge to hardware contractors and component manufacturers if they are to
meet the R&M 2000 goal and produce truly reliable hardware.
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The defect rate of incoming parts has a significant impact on the assembly defect rate. As the
number of parts in an assembly increases, the effect of the part defect rate is more pronounced.
Figure 2 illustrates the effect that a higher proportion of part defectives has on the incidence of
assembly defectives. For example, a 150-part assembly containing parts with a fraction defective of
0.1 has an assembly fraction defective of 0.8. In this case, first-time assembly test yield would be
only 20%.

1.00

0.90

. 0.70

W UAU

go •

o 0.40

- 0.30

0.20

0.10

N =PARTS/ASSEMBLY

I I111111 I Ii lI I
0.001 0.01 0.10

FRACTION DEFECTIVE PARTS

Figure 2. Fraction Defective Parts vs. Fraction Defective Assemblies

For an assembly containing 300 parts having a .001% defective, the fraction defective at the
assembly level is 0.27, barring any further defects being introduced by the assembly process.
Experience has shown, however, that many additional defects are caused during the manufacturing
process.

ASSEMBLY LEVEL SCREENING

Screening at the assembly level exposes interconnections, fasteners, and manufacturing processes
performed by the assembly manufacturer to environmental stress. An assembly level screen
provides the first stimulation of defects caused by the assembly manufacturer's own personnel,
manufacturing methods, and production equipment. A study performed by the Institute of
Environmental Sciences in 1984 revealed that failures discovered during unit level testing were
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reduced by 27 to 70% after the introduction of assembly level screening. 2 The following types of

defects can be introduced into an assembly during the production process:

Parts

" Broken or damaged in handling
* Wrong one installed
" Correct one installed incorrectly
* Failure due to electrical overstress or electrostatic discharge
* Missing.

Interconnections

* Incorrect wire termination
* Open wire due to handling damage
* Wire short to ground due to misrouting or insulation damage

* Missing wire
* Open etch on printed wiring board
* Open plated-through hole
* Shorted etch
" Solder bridge
* Loose wire strand
* Ineffective potting
" Leaking seals.

ESS is applied to assemblies to precipitate these defects before further assembly into units or
systems. ESS is not intended for detecting failures that can be detected by other quality control
(QC) means (less expensive) such as visual inspection, x-ray, bum-in, etc.

Screening at the assembly level requires design and fabrication of specialized test equipment. The
function of an assembly may be to process various electrical signals and generate a certain output.
The equipment needed to power and monitor this assembly must be able to create similar input
signals and record the required output. This simulates the functional test equipment needed for pre-
ESS and post-ESS functional testing and is considered specialized test equipment. Such equipment
may be required for use during the actual stress screen, if specifications require the assembly to be
screened with power on and monitored. Such test fixturing will increase the costs associated with
assembly level ESS. To avoid such costs yet still derive some benefit from thermal cycling and
random vibration stress screens, AMC Regulation 702-25 recommends that baseline conditions for
assembly level screens should have power off and no monitoring. This policy is intended to
discourage elaborate test fixturing for assembly level screens, unless such screens are found to be
necessary because of equipment criticality, equipment design, manufacturing methods or cost. An
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undesirable shortcoming of not powering and monitoring assemblies during screening is that
intermittent shorts, opens or other problems occurring only under thermal or vibration stress may
not be detected. If the occurrence of such defects is critical, the cost consideration may be
outweighed, and the assembly may have to be powered and monitored during screening. If not
powered and monitored, detecting these intermittent failures may be delayed until a higher level
screen.

Mechanical or electromechanical equipment may contain defective sealed or pressurized assemblies
that are subject to failure and should require ESS. Performing a vibration or thermal cycling may
precipitate failures before further assembly. The degree to which the assembly is an integral part of
a unit, and the ability to isolate inputs and outputs of the assembly will determine the cost of test
fixtures needed to monitor, test or inspect the assembly after stress application. Where complicated
interconnections are required for mechanical assembly level ESS, unit level testing may prove cost

effective. However, postponing the stress screen of an assembly causes delayed identification of
defects and may impact the delivery schedule. Field failures of the assembly are an indication of
ineffective screening and may justify the cost of the test fixturing required for performing ESS at the

assembly rather than unit or system level.

UNIT (OR HIGHER) LEVEL SCREENING

Screening at this level is favored by many manufacturers because electrical and mechanical
fixturing are relatively simple. Units are typically self-supporting structures with limited input
cabling and few output channels to monitor. Interfaces are more standard at this level than at the
lower assembly level, facilitating fixture design. Units can be mounted directly on shaker tables
without requiring special fixtures. For units too large to be mounted on shaker tables, vibration
transducers can be directly mounted on the unit to provide vibration stimulus.

Stresses applied during assembly and unit level screens should not be as severe as during part level
screens. As the level of assembly increases, the equipment is more susceptible to damage (from
vibration resonance or temperature limited components) and stress intensity must be reduced

accordingly. Also, the assemblies and components in units or systems may have already been
screened to eliminate defects arising from parts or lower level assembly operations. The purpose of
unit or system level screening is to stimulate defects in fasteners and interconnections between
PWAs, subassemblies, and assemblies. These interconnections may not have been screened
previously and should be stressed before leaving the factory. Screening at this level is important, as
it is the first opportunity to detect defects arising from final assembly operations that would
otherwi ie result in field failures. Low frequency vibration screening should be applied at the unit
level to precipitate those defects that could be stimulated by the transportation environment.

For mechanical or electromechanical equipment, a failure-free functional test may be the best screen
available. Large systems with self-contained cooling features, generators, engines, pumps, and
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motors can be adequately screened by a functional test at or slightly over design rating. Operating a
pump at 110% of design pressure will sufficiently stress marginal components or assemblies to
failure. Running an internal combustion engine to 110% of design revolutions per minute (rpm) will
disclose part and workmanship defects that may not have been detected at normal stress levels.
Operating heaters and air conditioners at maximum and minimum temperature limits will allow

detection of performance loss due to flow restriction, inadequate heat transfer, or other
manufacturing-induced deficiencies. Ambient environmental operation or low speed operation of
such mechanical assemblies will not disclose defects that are only detectable when the unit is
subjected to stress.

SUMMARY

In summary, screening at lower levels of assembly can reduce schedule impact as well as rework
costs. Stress screening at the part level is generally the most cost effective. ESS at higher levels of
assembly is necessary to assure the integrity of interconnections and fasteners introduced during
later assembly stages, and to stimulate transportation-induced types of failures. For units that are
not suited to conventional temperature and vibration ESS, full performance or slight overstress
testing can serve as an effective screen for part and workmanship defects.
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SECTION II. PART LEVEL SCREENS

This section concerns screens used for piece parts only. Screens for assemblies, units, and higher

levels of assembly are described in Section III.

Screening at the part level is generally the most cost-effective method for reducing the number of

defective parts prior to assembly. The cost of finding defective parts at the PWA level is

approximately 10 times greater than finding them at the part level. Based on the number of parts to

be used, this can result in sizable cost savings.

IC AND SEMICONDUCTOR DEFECT MODES

To deveiop an effective part level screening program, it is necessary to understand the defect modes

for ICs and semiconductors. The failures can usually be attributed to one of two major causes: (1)
chip or die-related failures resulting from the fabrication process, or (2) package-related defects

caused by assembly errors. Examples of the failure causes are:

Chip or Die-Related Failure Causes

* Oxide fault/pinholes/breakdown
* Oxide junction contaminants/leakage
" Diffusion defects (such as spikes)
* Passivation defects

* Mechanical defects in the chip (cracked dies, crystal imperfections, scratched dies)
* Design defects (mask faults)
" Foreign materials/particles
* Metallization defects (opens, shorts for both single and multilayer metal)

" Residual process chemical
* Human-derived chemical agents (spittle).

Assembly or Package-Related Failure Causes

* Open/shorted wires
* Lifted/broken wire bonds

" Misplaced wire bonds
" Multiple wire bonds
* Lifted chips
" Improperly sealed packages
* Die attach defects
* Excessive seal material
* External lead defects
" Overbonding/underbonding
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" Residual process chemicals
" Human-derived chemical agents (spittle)
" Moisture
" Outgassing polymers (poorly cured organic adhesives such as epoxy die attach)
0 Broken wires
0 Poor lead dress
* Corroded wires.

There are several other failure mechanisms in parts that can cause failure. The decomposition of
sealants or adhesives can introduce materials that interact with IC materials to cause failure. The
presence of water can cause internal shorts. Metal impurities in aluminum or gold bond wires could
cause hardening or microcracks leading to failure.

TEMPERATURE CYCLING (OR THERMAL SHOCK)

Temperature cycling and thermal shock impose mechanical stresses on parts through the expansion
and contraction of materials. Microcracks, hard precipitates, and abnormally thin features become
stress concentrators that will accelerate crack growth through cycling-induced fatigue. Good parts
will experience some fatigue life loss. However, it should not be enough to cause degradation.
Temperature cycling is generally composed of 10 cycles, between -650C to +150 0C, with a 5-minute
maximum transfer time between temperature extremes. Temperature cycling uses an air-to-air
medium, while thermal shock uses a liquid-to-liquid medium to increase the thermal rate of change.
Thermal shock must be used carefully for screening as it is more likely than temperature cycling to
damage good parts. Thermal shock can generate microcracks in insulators or dielectrics. These
microcracks may then grown in size to the point where they cause failures during the storage or
operating life of a device. Temperature cycling and thermal shock will precipitate the following
types of defects:

" Bad bonds
• Thermal mismatch of materials, such as die-to-package interfaces
" Lid seal anomalies on hermetically sealed packages
* Inadequately or improperly cured plastic packages or material, such as epoxy die attach
" Cracked dies or substrate mounting.

SUMMARY

Part screening tests are the most economical means of detecting parts defects. Screening at the part
level is the least costly means of finding and eliminating part defects from hardwae. In addition, it
is not always possible to determine if a part defect found at the assembly level is an escape from a
part level screen or if the defect was introduced during handling, test or assembly procedures.
Therefore, part screening should be done for every program as it facilitates failure analysis at higher
levels of assembly and reduces subsequent rework and schedule slippage.
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SECTION III. ASSEMBLY LEVEL SCREENS

When parts are combined into assemblies and units, defects will be introduced through
workmanship errors, contamination, miscalibrated equipment, and the use of defective parts. If high
reliability parts are utilized, the number of defective parts advancing to the assembly level should be
minimal. Some defective parts will exist, however, and subsequent damage to good parts from
handling, electrostatic discharge or overstressing during the assembly and testing processes results
in some defects residing in higher level assemblies. For these reasons, it is necessary to subject
assemblies and units to ESS to precipitate these defects.

There are many screens that can be used at the assembly level to precipitate and detect latent
defects. These screens include:

" Thermal cycling
" Random vibration
• Immersion
" Overpressure, and
* Voltage variation.

Short descriptions of the most common screens are provided in the following paragraphs. Each of
the screens primarily precipitates specific types of defects, although some may have overlapping
capabilities. The choice of which screens to use depends on the equipment design and the types of
defects expected to be found. Stress screening must be tailored to the specific equipment-it is not
enough to simply impose thermal cycling and random vibration on all hardware. Form mechanical
systems containing pressurized assemblies (fuel supply, pneumatics), these conventional stresses
(thermal, vibration) may not precipitate as many defects as overpressure or pressure cycling.

For electronic systems, thermal cycling and random vibration have been found to be the most
effective screens available, and are the most widely used. They are excellent for uncovering the
microscopic defects that are present in electronic equipment. Table 1 shows the types of defects
precipitated by thermal cycling and random vibration. As can be seen, there is a lot of overlap in the
defect types precipitated by these two screens. The most effective ESS Program for electronic
equipment would consist of both screens being used.
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Table 1. Assembly Level Defect Types
Precipitated by Thermal and Vibration Screens

DEFECT TYPE THERMAL VIBRATION
DETECTED SCREEN SCREEN

Defective part X X
Broken part X X
Improperly installed part X X
Solder connection X X
PCB etch, shorts, and opens X X
Loose contact X
Wire insulation X
Loose wire termination X X
Improper crimp or mating X
Contamination X
Debris X
Loose hardware X
Chafed, pinched wires X
Parameter drift X
Hermetic seal failure X
Adjacent boards/parts shorting X

THERMAL CYCLING

Thermal cycling is the least controversial and most widely used stress screen. It is an effective
screen for precipitating defects at all levels of assembly, from PWAs to complete end items.
Thermal cycling is a relatively inexpensive screen, especially when performed at the PWA level
where many units can be screened simultaneously in one chamber.

Thermal cycling consists of changing the temperature of the equipment at a fairly high rate of
change in order to induce stresses on the parts and connections. There are three main parameters
that determine the strength of the screen: the temperature range, the thermal rate of change, and the
number of cycles. The temperature range and rate of change must be specified as hardware

temperature values, not as chamber air temperature values. The equipment being screened has a
larger thermal mass than the chamber air, so equipment response will lag behind the input stress.
Experimental surveys (see page 33) are necessary to ensure that the equipment response is stressful

enough to precipitate defects while not damaging good units.

Thermal cycling causes stress in the test items through the expansion and contraction of materials
due to temperature change. The repeated cycling will cause different materials to expand and
contract at different rates, resulting in stress at mating points, such as solder joints and connections.
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